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Abstract
In order to explore the diagnostic value of ultrasound combined with shear wave
elastography (SWE) for prostate cancer (PCa), 120 patients with suspected prostate
cancer were selected for SWE, contrast-enhanced ultrasound (CEUS), SWE and CEUS
combined examination. The results showed that among the 120 patients, 57 cases were
diagnosed as prostate cancer and 63 cases as benign prostatic lesions by biopsy. Among
58 cases of PCa diagnosed by SWE, 46 cases were confirmed by pathology, with a
sensitivity of 80.70% and a specificity of 77.20%. Among 54 cases of PCa diagnosed
by CEUS, 41 cases were confirmed by pathology, with a sensitivity of 80.70% and a
specificity of 77.20%. 61 patients with PCa were diagnosed by we and CEUS, and 51
patients were diagnosed by pathology. The sensitivity, specificity and accuracy were
89.47%, 84.70% and 85.38%, respectively. Receiver operating characteristic (ROC)
curve results showed that the area under the curve (AUC) of swe and CEUS was 0.944,
showing the highest diagnostic efficacy. It can be seen that the combined use of SWE
and CEUS provides a more superior diagnostic effect for PCa.
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1. Introduction

Prostate cancer (PCa) is one of the most common malignant
tumors in the male reproductive system, ranking as the second
most prevalent malignant tumor in men globally [1]. By 2022,
there were 1.91 million new cancer cases and 610,000 cancer
deaths in the United States [2]. Prostate, lung and colorectal
cancers account for 48% of new cases, with PCa representing
27% of new cases in men. Among them, PCa is one of
the most common tumors in men, accounting for the highest
number of new cases and deaths [3]. Its incidence has been
found to be positively correlated with the human development
index and economic level [4]. Global cancer data indicate
a significant increase in the incidence of male PCa in recent
years, with China, an East Asian country, continuing to have a
large number of undiagnosed PCa patients [5].

In China, the number of tumor patients has been increasing
annually, with PCa accounting for 60% of new cases and 89%
of fatalities, making it one of the fastest-growing tumors [6].
Although PCa is less common in China than in Europe or the
US, the disease has become more prevalent and poses a serious
threat to men’s health due to the country’s aging population,
increasing urbanization, westernization of dietary habits, and
gradual promotion of serum prostate-specific antigen (PSA)
screening over the past decade [7, 8]. The clinical diagnosis
of PCa is primarily based on patients’ clinical manifestations,
levels of relevant indicators, rectal examination and nuclear

magnetic resonance imaging.
In recent years, ultrasonography technology has

developed rapidly, and some scholars have used transrectal
ultrasonography for diagnosing PCa. However, previous
studies have shown that this method has varying degrees of
error [9]. To improve the clinical diagnosis rate, it is necessary
to combine effective imaging techniques for screening patients
with prostate disease [10]. Previous reports on PCa patients
have mostly used contrast-enhanced ultrasound (CEUS)
alone, without combining it with other imaging techniques.
The imaging quality of CEUS alone is not high, significantly
impacting diagnostic results [11, 12]. In this regard, shear-
wave elastography (SWE) is a commonly used imaging
technique that can quantitatively detect Young’s modulus
value of tissues, reflecting tissue hardness [13].
This study aimed to analyze the diagnostic efficacy of three

protocols for PCa using CEUS alone, SWE and their combina-
tion.

2. Information and methods

2.1 General information
The clinical data from 120 patients with suspected PCa who
underwent prostate ultrasound examination at our hospital be-
tween January 2021 and July 2023 were retrospectively ana-
lyzed.
The inclusion criteria comprised cases with no previous
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prostate surgery, a prostate volume of less than 80 mL as
determined by B ultrasound, and no signs of extracapsular
infiltration. Those with contraindications to prostate biopsy,
prior treatment for PCa, acute phase urinary infection, urinary
tract infections, severe coagulation abnormalities, other malig-
nancies, psychiatric disorders, or cognitive impairment were
excluded from the study analysis.
All patients underwent SWE and CEUS before prostate

biopsy.

2.2 Methods
2.2.1 Clinical data collection
The baseline patient information, including age, body mass
index, and smoking history, was retrieved. Enzyme-linked
immunosorbent assay was performed to assess their serum
PSA levels at the time of admission. A total serum PSA ≤4
ng/mL was considered normal, with elevated total serum PSA
suggesting the possibility of PCa [14].

2.2.2 Instrumentation
SWE and CEUS were performed using AixPlorer ultrasonic
diagnostic instruments (French Supersonic Imagine Company,
SE12-3 intracavitary probe, frequency of 3–12 MHz, low
mechanical index, AIX Provence, France). Puncture biopsy
utilized the LOGIQ-E8 ultrasonic diagnostic instrument (GE
Healthcare investment (China) Co., Ltd., frequency of 5–
9 MHz intracavitary probe, Pudong New Area, Shanghai,
China), equipped with a special intracavitary probe and punc-
ture frame, using disposable BARD equipment. The puncture
rack employed a fully automated biopsy gun with disposable
BARD 18 G × 25 cm size.

2.2.3 Inspection methods
2.2.3.1 Pre-examination preparation
The electrocardiogram (ECG), blood routine, coagulation pro-
file, infection status and liver and kidney functions were as-
sessed and met the puncture criteria. There were no con-
traindications. A clean enema was administered prior to the
procedure, and the bladder was emptied.

2.2.3.2 SWE examination method
The patient was positioned on his left side, breathing deeply,
bending his knee to his chest, and clasping it with both hands.
Initially, rectal two-dimensional ultrasound was used to ex-
amine the outline and echo of the prostate. If nodules were
detected, their two-dimensional state was assessed, and flow
Doppler was used to evaluate blood flow. Once the image
was stabilized, the SWE mode was activated. The patient was
instructed to hold his breath, and the image was frozen. The
Q-BOX TM function measurement tool was used to determine
the modulus of elasticity (Emax) value of the region of interest.
Each lesion was measured three times to collect three sets of
data. The average value of these three sets was then calculated
and stored.

2.2.3.3 Methods of CEUS examination
The Sonovue contrast agent (20A048, BRACCORegistration
agency of overseas produced drugs, bleco Pharmaceutical

Technology (Shanghai) Co., Ltd., Jing’an District, Shanghai,
China) was utilized. The patient’s antecubital fossa was
routinely sterilized, and an intravenous access was established.
The patient was positioned in a similar manner as for the
SWE examination and instructed to breathe calmly. Initially,
transrectal two-dimensional ultrasonography was performed
to observe the size, morphology and internal echogenicity
of the prostate gland. If nodules were detected, their
two-dimensional characteristics and color blood flow were
evaluated. If no suspicious nodules were found, the largest
cross-section was selected and held still for examination.
The CEUS mode was then activated, and 2.5 mL of Sonovue
contrast agent was injected through the intravenous channel,
followed by 5 mL of saline. The contrast in the suspicious
area of the prostate gland was observed, recorded and stored.

2.2.3.4 Puncture biopsy method
The patient was positioned in the left lateral position, with the
knee bent and leg held to fully expose the anus. The anterior
end of the ultrasound probe, coated with a coupling agent,
was routinely disinfected with 0.5% iodophor. A transrectal
puncture frame was installed after wrapping the probe with
a contraceptive sleeve. The probe was slowly inserted, and
a “12+X” puncture method was used. An additional 2–3
punctures were conducted in atypical locations indicated by
elasticity and contrast. If no suspicious areas were identified,
no extra punctures were performed. Tissue strips from the
systematic puncture and those showing suspected anomalies on
SWE and CEUSwere placed in individually labeled containers
with 10% formaldehyde and promptly sent for evaluation.
All procedures were performed by two senior ultrasonogra-

phers to minimize human error.

2.3 Diagnostic criteria
SWE: The receiver operating characteristic (ROC) curve

was used to determine the optimal cutoff value of each SWE
parameter for diagnosing benign and malignant lesions. The
parameter with the best efficacy was selected as the cutoff
value. Values below the cutoff were defined as benign and
those above as malignant [15].
CEUS: PCa was diagnosed based on the following criteria:

(1) rapid contrast uptake and washout with high enhancement;
(2) inhomogeneous enhancement with poorly defined borders;
(3) asymmetric vascular structures. These features suggest a
malignant lesion [16].
Pathologic Findings: The Gleason score from Epstein’s

criteria was used to classify PCa into significant PCa (Gleason
score >6) and non-significant PCa (Gleason score ≤6) [17].

2.4 Statistical analysis
The SPSS v20.0 software (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Measurement data are described
using mean ± standard deviation (x̄ ± s), count data are de-
scribed using rates, and statistical comparison was performed
using the χ2 test. ROC curves were used to determine the
optimal cutoff value of Emax for the diagnostic value of PCa
using SWE. The sensitivity, specificity, and area under the
curve (AUC) of CEUS, SWE and their combined application
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TABLE 1. General information of 120 patients.
Group Age (yr) BMI (kg/m2) PSA (ng/mL) Smoking history (n/%)
PCa (n = 57) 60.63 ± 5.18 23.61 ± 3.60 48.80 ± 4.96 42 (73.68)
Benign prostate lesions (n = 63) 61.59 ± 6.66 23.23 ± 3.06 8.90 ± 1.03 41 (65.08)
t/χ2 0.880 0.623 62.438 1.039
p 0.381 0.534 <0.001 0.308
BMI: Body Mass Index; PSA: prostate-specific antigen; PCa: Prostate cancer.

for diagnosing PCa were calculated, and significance level of
the test was set at α = 0.05.

3. Results

3.1 Pathologic results
Data analysis showed there were 63 benign prostate cases
(52.50%) and 57 PCa patients (47.50%) among the 120
patients, with 19 patients having non-significant PCa and 38
having significant PCa. Pathological puncture results of the
57 patients with malignant tumors indicated that 35 patients
(61.40%) had nodules in the peripheral zone, 13 patients
(22.80%) had nodules at the junction of the inner and outer
limits, and the remaining had nodules at the inner limits
(15.79%). The clinical data of the 120 patients are detailed in
Table 1.

3.2 Diagnostic efficacy of SWE compared
with pathologic findings
SWE identified 58 patients with suspected PCa, 46 of whom
were confirmed by pathologic diagnosis, resulting in 12 cases
of misdiagnosis. When Emax was 47.158 kPa, Youden’s index
was the highest, with a sensitivity of 80.70%, specificity of
77.20%, and accuracy (Youden’s index) of 75.60%. The results
are detailed in Table 2.

TABLE 2. Diagnostic efficacy of SWE compared to
pathological findings.

SWE Biopsy results Jordon’s
index (%)

Malignant
(n = 57)

Benign
(n = 63)

Malignant (n = 58) 46 12
75.60

Benign (n = 62) 11 51
SWE: shear wave elastography.

3.3 Diagnostic efficacy of CEUS compared
with pathologic findings
CEUS identified 54 patients with suspected PCa, 41 of whom
were confirmed by pathologic diagnosis, resulting in 12 cases
of misdiagnosis (Table 3). The diagnostic sensitivity was
71.93%, specificity was 68.40%, and accuracy was 70.20%.
The results showed that although the diagnostic efficacy of
CEUS was lower compared to SWE, the difference between
groups was not significant (χ2 = 1.728, p = 0.189).

TABLE 3. Diagnostic efficacy of CEUS compared with
pathological findings.

CEUS Biopsy results Jordon’s
index (%)

Malignant
(n = 57)

Benign
(n = 63)

Malignant (n = 54) 41 13
70.20

Benign (n = 66) 16 50
CEUS: contrast-enhanced ultrasound.

3.4 Diagnostic efficacy of SWE when
combined with CEUS compared with
pathologic results
SWE combined with CEUS identified 61 patients with sus-
pected PCa, 51 of whomwere confirmed by pathologic diagno-
sis, resulting in 10 cases of misdiagnosis (Table 4), resulting in
a sensitivity of 89.47%, specificity of 84.70%, and an accuracy
of 85.38%.

TABLE 4. Diagnostic efficacy of SWE combined with
CEUS compared to pathologic results.

SWE combined
with CEUS

Biopsy results Jordon’s
index (%)

Malignant
(n = 57)

Benign
(n = 63)

Malignant (n = 61) 51 10
85.38

Benign (n = 59) 6 53
SWE: shear wave elastography; CEUS: contrast-enhanced
ultrasound.

3.5 Comparison of diagnostic efficacy of
SWE combined with CEUS for PCa
The AUC for all three methods was greater than 0.5, as shown
by the ROC curves, indicating high diagnostic efficacy. How-
ever, the combination of SWE and CEUS exhibited even
higher sensitivity and specificity compared to the individual
methods, demonstrating the highest diagnostic efficacy for
PCa (Table 5 and Fig. 1).

4. Discussion

Although the incidence of PCa in China is lower than that
in Western countries, its incidence has been increasing in
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TABLE 5. Comparison of the diagnostic efficacy of
SWE and CEUS separately and in combination for PCa

diagnosis.
Method Sensitivity Specificity AUC (95% CI)
SWE 80.70 77.20 0.929

(0.877–0.981)
CEUS 71.93 68.40 0.832

(0.745–0.917)
SWE
combined
with CEUS

89.47 84.70 0.944
(0.899–0.988)

AUC: area under the curve; CI: confidence interval;
SWE: shear wave elastography; CEUS: contrast-enhanced
ultrasound.

China in recent years [18]. Thus, improving the accuracy
of early diagnosis, along with effective surgical treatment,
can significantly improve the prognosis of PCa patients [19].
According to statistics, the 5-year survival rate of some PCa
patients after radical treatment can be as high as 99% [20].
Although the risk factors for PCa are not yet fully understood,

epidemiological studies indicate that men over 40, particularly
Caucasians and Blacks, due to genetic predisposition, are more
susceptible, and additional independent risk factors include
smoking, obesity and diabetes [21, 22]. Therefore, improving
the diagnostic accuracy of PCa and providing timely treatment
to reduce mortality is crucial in clinical research. Currently,
systematic puncture biopsy is themost commonly usedmethod
to diagnose PCa. However, it has low sensitivity and speci-
ficity, is traumatic for patients, and can cause complications
[23].

CEUS utilizes the nonlinear effect and backscattering of
contrast agent microbubbles in the blood to produce contrast-
enhanced images, thereby revealing the microcirculatory per-
fusion of tissues [24]. Both domestic and international research
in prostate angiography have shown that tumor growth signif-
icantly increases the microvascular density within PCa. How-
ever, these vessels are typically small, thin-walled, have low
blood flow velocity, and may contain arterial fistulae, making
them undetectable by conventional color Doppler ultrasound
[25]. Studies have indicated that CEUS can accurately locate
suspicious malignant nodes in the prostate and reflect the
Gleason score and extent of the tumor [26]. SWE, a novel
ultrasound imaging technology, uses color-coded technology

FIGURE 1. ROC curves of SWE and CEUS separately and in combination for PCa diagnosis. ROC: receiver operating
characteristic; SWE: shear wave elastography; CEUS: contrast-enhanced ultrasound.



136

to quantitatively assess tissue hardness based on internal elas-
ticity, with different colors representing varying degrees of
stiffness [27]. There is a strong correlation between the E-
value of SWE and the Gleason score of pathology, suggesting
that a lower degree of differentiation (higher malignancy) in
PCa corresponds to a higher E-value. This indicates that SWE
has a higher diagnostic value for detecting highly malignant
PCas [28]. Additionally, studies have demonstrated that SWE
has a higher positive detection rate for PCa compared to con-
ventional transrectal ultrasound [29].
This study uses the pathological results of a prostate biopsy

as the gold standard to assess the efficacy of CEUS, SWE,
and their combined application in the diagnosis of PCa. The
findings indicate that the sensitivity, specificity and accuracy
of PCa diagnosis with SWE or CEUS are comparable, with
SWE slightly outperforming CEUS, though the difference is
not significant. However, the combined use of SWE and
CEUS significantly improves diagnostic performance, with a
sensitivity of 89.47%, specificity of 84.70%, and accuracy of
85.38%. The ROC curve analysis showed that the AUC for
the combined use of SWE and CEUS was 0.944, significantly
higher than the AUC for SWE (0.929) and CEUS (0.832). This
indicates that the combined application of SWE and CEUS
has the highest diagnostic efficacy among the three methods,
offering new hope for the diagnosis of PCa.
This study had several limitations that should be considered,

such as a small sample size and incomplete data, which might
have affected the interpretation of the findings to a certain
extent. Furthermore, the investigation considered fewer fac-
tors and focused on elderly patients. Therefore, increasing the
sample size and further exploration of the research topic are
essential for future studies.

5. Conclusions

In summary, CEUS is an effective imaging technology for
diagnosing benign and malignant prostate lesions, while SWE
uses the absolute elastic value (Young’s modulus) to assess
tissue stiffness. Both technologies have significant clinical
value in treating prostate diseases. However, the combined ap-
plication of CEUS and SWE in diagnosing PCa is significantly
more effective than using each technology individually.
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